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~ O D Y N P M I C  CHARACTERISTICS Q?? VARIOUS CONFIGuiiATIONS 

OF A MODEL OF A 45' SWEPT-WING ADELANE 

By M. Leroy Speamn,  Cornelius  Driver, 
and Ross B. Robinson 

SUMMARY 

An investigation has been  conducted La the Langley 4- by 4-foot 
supersonic  pressure  tunnel at a Yach nmber of 2.01 t o  determine the 

b5O swept-w5ng airp-e. The basic  configuration had a w i n g  with 
45O sweepback at the quarter-chord line, aspec t   ra t io  3.2, taper 

NACA 65~003.7 sections at the t i p .  The w i n g  was mounted s l igh t ly  above 
the body center  l ine m d  a~ ell-novable horizontal tail was loceted 
s l igh t ly  below %he extended  chord line of the w i n g .  Tkre design  incor- 
porated  twin wing-root supersonic i-nlets ducted t o  a single exit at the  
base of the  fuselage. The configurations  investigated  iacluded an 
extended  nose length, a bumped-fuselage afterbody, an i d e t  droop, an 
lncreased wing aspect ratio, and a revised canopy shape. 

c aerodynenic clr?zracteristics 03 several  configurations of a model of a 

- r a t i o  0.468, NACA 65~005.5 sections Just outboard of t h e   M e t ,  and 

Configurations employing the wing of increased  aspect  ratio of 3.7, 
which constituted  the  bulk of the  tests, produced about a 10-percent 
increase  in l i f t  and in  longi tudinal   s tabi l i ty  as compared wi'h the  'basic 
wing of aspect   ra t io  3.2. There was a slight but masurable increase in 
minimum drag an-d maximum l i f t -drag  ra t io .  

For the basic  configuration w i t h  the modified wing of aspect   ra t io  3.7, 
the maximum horizontal t a i l  deflection of -160 resul ted  in  a tr im lift 
coefficient of about 0.3 a t  an angle or" at tack of 7-70, a trim drag  coeffi- 
cient of 0.086, and a trim l i f t -drag   ra t io  of 3.5.  An effective upwash et 
the low horizont&l tail colltributed t o  the hi& degree of longitudinal sta- 
b i l i t y .  The  minimum tria drag coeff ic ient   for  a horlzontal tai l  deflection 
of -3' w a s  about 0.035. - 
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Tlze basic  configuration w i t h  the modified wing of aspect   ra t io  3.7 I 

i-ndicaled  positive  directiarsal and l a t e r a l  s'tability a t  zero  angle of 
attack  (sl ight  negative l i f t )  . The addition of a longer nose t o  the body 
had a negligible  effect  on +&e lift, drag, and longi tudinal   s tabi l i ty   but  
reduced the  direct ionel   s tabi l i ty  so t h a t  ins tab i l i ty  m i g h t  occur with 
increasing  angle of attack. The eddition of the bump to  the  fuselage 
afterbody  apparently  resulted  in a slight reductton i n  minimum drag 
although the difference - 1 6  within  the accuracy of the drag measurements. 

INTRODUCTION 

An investigation of the aeroaynarrii_c character is t ics   in   pi tch and 
sldeslir, Et  a Mach number of 2.01 of a nodel of a 4 5 O  swept-wing f ighter-  
type  airplane  configuration hzs been conducted in  the Langley 4- by  4-foot 
supersonic  gressure  tunnel. During the  course of the  investigation, 
various  modfficaticns were made t o   t h e  model t o   d e t c r x h e  their effects  
Gpon i t s  aerodynamic c b r a c t e r i s t i c s .  These modifications  included a 
lengthened boQ nose, a faired b m p  011 the  fuselage afterbody designed 
t o  Lxprove the  longitudinal area distrib-ution, drooped in le t s ,  and an 
extension t o  %?le wing ttps that resul ted  in  an fncrease in   the  sspect  
r a t i o  of the wing from 3.2  t o  3.7. Because of the  paucity of data on 
such  modifications i n  the supersonic  speed  range it was thought that the 
resu l t s  wo-dd be of considerable  general  interest. 

All coefficients are based upon the geonetry of the basic wing of 
aspect   ra t io  3.2. "he force and zoment coefficients are referred  to  the 
stabil i ty-axis system with the  reference  center-of-gravity  location 
(center of moments) a t  the 25-percent-chord point of the basic-wing mean 
aerodynamic chord. 

A aspect  ratio 

CL lift coefficient, - -Z 
ss 

external-drag  coefficient, -X 
CAS 
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pitching-mozent  coefficient, -X 
qss 

side-force  coefficient, - Y 
ss 

Cn  yawing-moment  coefficient, - N 
sm 

Z force d o n g  stability Z - e x i s  

I X force  along  stability  X-axis 

M' moment  about  stabllFty  Y-axis 

Y force  along  stability Y-axis 

L' nonent  about  stability X-axis 

N moment  about  stability  Z-axis 

S 

b 

C 

- 
C 

area of basic wing of aspect  ratio 3.2 obtained by 
extending  leading  and  trailing  edges to body  center 
l ine  (neglecting  inlet  outline) 

span of  basic  wing 

chord, ft 

mean aerodynamic  chord of basic  wing 

9 dyllamic  pressure 

M free-s trem  kch nunber 
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a 

B 

it 

E 

l i f t -drag  ra t io ,  CL/CD' 

angle of attack, deg 

angle of sfdeslip, deg 

angle of incidence of horizontal tai l ,  deg 

effective damwash angle, deg 

MODEL AND APPARATUS 

The t e s t s  were coEducted i n  the Langley 4- by &-foot  supersonic 
pressure  tunnel a t  a Mach  number  of 2.01. A three-view  drawing of 
the model of a 45O swept-wing airplane is shown in   f igure 1 and i ts  
geometr5.c characterist ics are presented in   t ab le  I. The longitudinal 
area dis t r ibut ion of the basic model ar-d the model w i t h  a buruped after- 
body is shorn- in   f igure  2. Photographs of the model are shown as 
figure 3 .  

The basic  configuration had a wing wfth 45O sweepback a t  the quarter- 
chord l ine,  an NACA 65A005.5 section just outboard of the i n l e t  ( .38b/2), 
and an NACA 65~003.7 section a t  the t ip .  The basic wing  had a taper   ra t io  
of 0.468, an  aspect  ratio of 3.2, a geometric dihedral angle of -3.5O, and 
was located  sl ightly above the fuselage  ceater  line. AD all-movable 
horizontal t a i l  w a s  mounted  below the extended  chord  plane of the wing. 

The model was equipped with twin  wing-root  supersonic inlets  ducted 
to  a s ingle   exi t  a t  the base of the fuselage. The duct  system  incorpo- 
rated a boundary-layer diverter w i t h  a wedge half angle of kg0. All 
tests were made with a i r  flow through the ducts. The total   pressure 
and s t a t i c  pressure a t  the  duct ex i t  were determined through the -use of 
a rake mounted  on the sting  support rearward of the duct exit. 

Tests were made of various  modifications to  the basic  configuration. 
These modifications  included a lengthened body nose (fig. 1) ; a bumped 
fa i r ing  on the fuselage afterbody  designed t o  reduce the rise i n  the drag 
coefficient a t  transonic speeds by improving the longitudinal  area distri- 
bution  (figs. 1 and 2); extended wing tips tha t - resu l ted   in  an increase 
i n  the aspect   ra t io  from 3.2 to 3.7 (fig.  1); a 5O droop to  that portion 
of the i n l e t  ahead of the leading edge of the wing (fig. 3(a) ) ; and two 
transit ion  fairir ,gs  or fillets a t  the Jmcture between the  leading edge 
of the wing end the in le t   ( f igs .  1 and 3(e)) .  The f i l l e t  fa i red smoothly 
in to  the leading edge of %he wing (corresponding t o  a leading-edge 



NACA FM ~54308 5 

fl&p  position), and the other f i l l e t  extended below the  leading edge of 
the wing i n  a position so that the i n l e t  vould fair smoothly into a 7r" 

deflected leading-edge flap.  In addition  to  these  modifications, e flat- 
front  canopy wes tested in  place of the vee-front canopy (figs . 1 and 3 (d) ) 
used for  a l l  other tests. 

2 .. 

Forces aTld morneats were measured by means of e. slx-component internal 
strain-gage  balance. 

TESTS 

T e s t  Conditions and Procedure 

The tes t s  were made at  a Yach  number of 2.01, a s'tagnation pressure 
of 13 poun6s per  square  inch  ebsolute, and a s"tagnat1on temperature of 
100' F. The d e q o i n t  was meintained sufficiently lox (below -25O) so 
that no significant condensation effects  were encountered. 

m The Reynolds number based on a mean aerodynaniic chord of 0.522 foot  
was 1.673 x 106. The dynamic pressure for  the t e s t s  w a s  about 663 ponds 
per  squere  foot. 

T.e angle of attack wes  varied frm ebout -bo t o  15O a t  zero side- 
s l ip;  the angle of sideslip  veried from ebout -4' t o  go a t  zero mgle  of 
atteck. 

Corrections and Accuracy 

"he angles of attack and s idesl ip  have  been corrected  for  deflections 
of  the balance and the  st ing under  load. 

Base pressure measurements were mde and the drag coefficients were 
adjusted to  corresgond t o  free-stream s t e t i c  pressure a t  the base. Tce 
internal  pressure of the Eodel was measured and corrections  for a buoyant 
force on the balance have been applied  to the drag  results. The internal  
drag w a s  determined from tine change i n  monentum f'rom free-stream  conditions 
t o  the measured conditions a t  the duct  exit.  The base drag, buoyant force, 
and internal  drag have  been subtracted from the to ta l   d rag  measurements so 
that a net  external  drag was obtained. The mass-flow r a t i o  w a s  about 0.87 
for  a l l  tests. 
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The estimated  errors  in the individual measured quantit ies are as 
I"oll0ws : 

CL.. . 
c,. . .  
c 2 . .  . 
c n .  . .  
c y . .  . 
a, deg . 
By deg . 
ft, deg 

CD' . . 

M . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . .  

to .  0013 
to.  0013 
i o .  0003 
fo.  0005 
to .  0002 
to.  0002 

to. I 
to.  1 
20.1 
20.01 

Tne resu l t s  are  presented  in the following manner: 

Figure 

Zffect of horizontel t a i l  on aerodynamic characterist ics 
i n  pitch.  Basic nose; bump off; A = 3.7; undrooped 
I n l e t . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 

Longitudinal  characteristics  for t r i m ,  C, = 0. Basic 
nose; bmrp off;  A = 3.7; undrooped i n l e t  . . . . . . . . . .  5 

Pitching  effectiveness and effect ive downwash character is t ics  . 
of the tail. Basic nose; bump off; A = 3.7; undrooped 
i n l e t . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 

chmacter is t ics   in   pi tch.  A = 3.7; undrooped in le t ;  
i t = - 3 0  . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

character is t ics  i n  sideslip.  A = 3.7; undrooped in le t ;  
a = Oo; it = -30 . . . . . . . . . . . . . . . . . . . . . .  

Aerodynmic character is t ics   in  sideslip. Basic nose; 
bump off; undrooped in le t ;  A = 3.7; a = Oo . . . . . . . . .  

Effect of i n l e t  droop on aerodynamic characterist ics i n  
pitch.  Basic nose; bump off; A = 3.7; it = -30 . . . . . .  

Effect of a s sec t   r a t io  on aerodynamic characterist ics i n  
pitch.  Basic nose; bum9 off;  drooped i n l e t  with Oo 
fairing; i t =  - 3 0 .  . . . . . . . . . . . . . . . . . . . . .  

Effect of canopy shape and horizontal tail deflect: 3 on  on 
aerodynamic Characteristics -in pi%ch. Basic nose; 
bump off;  drooged in l e t   v i th  Oo fairing; A = 3.2 . . . . . .  

Zffect of nose length and body bump on aeroaynamfc 

Effect of  nose length and body bung on aeroaynamic 

8 

9 

10 

11 . 
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1 Figure 

Effect  of  inlet  transition  fairing on aerodynamic 
.I characteristics  in  pitch.  &sic  nose; b w  off; 

A = 3 . 2 ;  it=-3O.. . . .  . .  . . . . . . .  . .  . . . . . .  13 
I 

DISCUSSION 

Longitudinal  stability  and  control  of m o d e l  with  besic  nose, bump 
off,  undrooped inlet, end  with  aspect  ratio, 3.7.-  The aerodynamic  char- 
acteristics  in  pitch  for  the  cordfiguration  with  various  horizontal  tail 
settings  as  well as w i t h  the  horizontal tall removed  (fig. 4) have  been 
used  to  determine  the  longitudinal  c'naracteristics  for t r h  (Tig. 5 ) .  
These  results  indicate a reasonably  linear  variation of angle  of  attack 
and  horizontal-tail  incidence wit& trim  lift  coefficient. The minim 
trim  drag  coefficient  is  about 0.035 for a horizontal tail deflection 
of -3O and a trim  lift  coefficient of 0.054. The  usef'uh-ess of the trim 
results  (fig. 5 )  in  determining  the  performance and maneuverabili-ly 
characteristics for a constant  Mach  number of 2.01 is obviously limited 

be  sufficient  to  overcome  the drag groduced.  However,  disregarding 
thrust  availability,  the  results  indicate  that  for  the maxTmun horizontal 
A&il deflection  iavestigated (-160) a trim  lift  coefficient  of  about 0.3 
would  be  obtained  at  an  angle  of  attack of about 7-70 with a drag  coeffi- 
cient  of 0.086 a d  a lift-drag  retio  of 3.5. 

.- to that  portion of the  curves  wherein  the  available  engine thrust would 

Tne  pitching  effectiveness of the tail (variation  of  pitching-moment 
coefficient  vith  horizontal-tail  deflection &&it) at a = Oo 
(fig. 6(a)) indicates a value of about -0.0106. %e' variation  of  effec- 
tive  downwash  with  angle  of  attack  (fFg. 6(b)) as  obteined  from  the 
tail-on  and  tail-off  results from figure 4 indicates a negative  value  of 
&/aa or an effective  upwash a t  the tail that  probably  results from the 
wwash field of the  body.  The  unpublished  results of tests  of e sjmuted 
model  of a 45' swept-wing  airplene  in  the  Langley 9- by U-inch supersonic 
blowdown  tunnel  indicate an effective  upwash in the  Mach  number  range 
from about 1.2 to 1.s. P a  effective  -wash is sho-vn reference 1 at 
M = 1.41 for a design  which is somewhat similer to the 45O swept-w- 
airplsae of the  present  investigation. This effective  upwash  increases 
the  stztic  longitudinal  stability  and,  hence,  the  control  requirements 
for trim  with an attenhnk drag increase. 

Effect of nose  length and body  bump  for  model with aspect  rctio of 
3 . 7  and  undrooped  inlet.-  The  addftion  of  the  extended  nose  had a negli- 
gible  effect  on  the  lil"t, drag, and  longitudinal  stability  (fig. 7) but 
resulted  in  what may be a serious  reduction  in  directional  stability 

(fig. 8). Although a stable  slope  of  is  obtained,  it  should 
. 

% 9 
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be  pointed  out  that  the  sideslip  results  are  for a. = Oo (slightly 
negative  lift)  and  that  the  directional  stability Mght be  expected  to 
decrease  with  increasing angle of  attack. 

The  addition  of  the  bump  to  the  fuselage  afterbody  apparently 
results  in a slight  decrease  in the minimum  drag  coefficient  although 
the  difference is within  the  accuracy of the drag  measurements  (fig. 7) . 
The  addition  of  the  bump  to  the  afterbody  caused a slight  increase  in 
the  lift  at a given angle of attack and a, reduction in the  trim Uft 
coefficient  (fig. 7) for  it = -30. 

The  directional  stability  for  the  bump-on  configuration  is  slightly 
lower  than  that for the  'ounp-off  configuration ( f ig .  8) .  Although  the 
directional  stability  for  t5e  basic-nose  configuration,  both  with  and 
without  the  bump,  is  considerably  higher  than  the  stability  for  the 
long-nose  configuration,  it  should  be  remembered that the  decrease  in 
Cnp expected  with  increasing  angle  of  attack  may  still  constftute a 
directional-stability  problem. 

The contribution  of  the  tail  to  the  sideslip  derivatives at a = Oo 
for  the  configuration  having  the  basic  nose,  bump off, undrooped  inlet, 
and A = 3 . 7  may be  determined  from  the  tail-on  and  tail-off  results 
presented  in  figure 9. Although  Yfie  lateral  results for the  complete 
model at a = Oo (slight negative  lift)  indicate  positive  directional 
stability  and  slightly  positive  dihedral  effect -Czp, 8 complete  eval- 
uation of the  lateral.  characteristics  would  require  the  determination 
of  the  effects of angle of  attack  on  the  sideslip  derivati-ves as well 
as  the  effects of deflections  of  the  directional  and  lateral  control 
devices. 

Effect of hlet droop on the  configuration  with  basic  nose, bmp 
off, A = 3 . 7 ,  and  it: = -3O.- Although the  difference  is small, the - . _  - 
droop  of  the  forward  part of the  inlet  from Oo to -5' apparently  resulted 
in a slight  increase  in  the  minimum  drag and a reduction  in  the  rate of 
an  increase  in drag with  increasing  Iff t (fig. 10) . The  introduction of 
the  droop  also  resulted  in am increase  in  the  angle  of  at"tack  for  zero 
lift  and a reduction  in  the trim lift  coefficient of about 0.025. These 
effects  ere similar to  those  that wouM be anticipated f r o m  the  use  of a, 
cambered  wing  section. 

- 

Effect  of  aspect  ratio  on  the  confirnation  with  basic  fiose, b q  
off,  drooped  inlet,  and  it = -30.- The  results  presented  heretofore  have 
been  for  the  modified  wing  configuration  (aspect  ratio 3 . 7 ) .  A comparison 
of the mdified wing  configuration  with  the  results  for  the  basic  wing 
configuration  (aspect  ratio 3.2)  (fig. 11) indicates  approximately a 
10-percent  increase  in  lift  and a corresponding  increase  in longitudhal 
stability  for  the  wing  of  higher  aspect  ratio. mere was a slight  but 

h 
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measurable increese  in minimum drag and maximum l i f t -drag  ra t io .  (It 
should be pointed  out that a l l  coefficients throughout the  regort are 
based upon the geometry of the basic wing w i t h  aspect   ra t io  3.2. 

Since  the  configuration w i t h  the lower aspect   ra t io  had less longi- 
tudinal   s tabi l i ty ,  it might be expected that the  control  requirements 
for trim would be less and the maximum t r i m  lifts at ta inable  m i g h t  be 
greater than fo r  the  configuration  with the higher  aspect  ratio. A 
comparison of the pitching-monent resul ts   ( f ig .  E(b)  f o r  A = 3.2 and 
f lg .  4(b) f o r  A = 3.7) indicates that this  relationship does exist i n  
that, eltho@- the ta i l   effect iveness  await fo r  e constant  angle of 
at-ack is essentially the same f o r  both  aspect  ratios, tine increment i n  
trin l i f t  a t  & = o between it = -30 and it = -80 is greater fo r  
the lower aspect r a t i o  configuration because of its lower stability. 
The actual  values of trim l i f t  obtained f o r  the lower aspect   ra t io  
canfigurstim at it = -30 and -80 ( f ig .  12) are less ther those 
obtained for  the  higher  aspect r a t i o  configuration  (fig. 4) , but this 
difference is  a r e su l t  of the drooped inlet   present  f o r  the m o d e l  w i t h  
A = 3.2 that w a s  not  present fo r  the m o d e l  w i t h  A = 3.7. 

- Effect of canmy shzpe and of inlet-winp; transit ion  fairing;  for 
configuretion w i t h  basic nose, bump of f ,  drooped i n l e t ,  and A = 3 .2 . -  
Chenging the vee-front canopy t o  a canopy having e small f l a t  f ront  had 
l i t t l e   e f f e c t  on the minibun &rag or on the aerodynamic characterist ics 
in   p i tch  for the complete nodel  with it = -8O (fig.  12). A similar 
efZect  xas found f o r  the t ransi t ion  fa i r ings between 
leading edge of the wing (fig. 13) . the i n l e t  and the 

An investigation of the aeroay-rlamc chaxacte-ristics of s e v e r d  
configmations of a model or" a 45O swept--ing airplane at a Mach number 
of 2.01 in  tbre La-gley 4- by &-foot supersonic  pressure tumel indi- 
cated  the  following  conclusions : 

1. Configurations employing the wing of' increased  aspect r a t i o  
(A = 3.7), which constituted the bulk of the tests, produced about a 
10-gercent  increese i n  lift and Tn longi tudinal   s tabi l i ty  compared t o  
that f o r  the basic wing  of aspect r a t i o  3.2. There w a s  a slight but 
measurable increase Fn minimum drag and maximum l i f t -drag  ra t io .  

2. For the basic configuration modified t o  the wing  of aspect . r a t i o  3.7, the meximum horizoctal t a i l  deflection of -16O resu l ted   in  
a t r i m  l i f t  coefficient of about 0.3 a t  an angle of a t tack of 7.p, a 
trim drag  coefficient of 0.086, and a trim l i f t -drag   ra t io  of 3.5. l he 

w a s  ebout 0.035. 
- minimum t r i m  drag coeff ic ient   for  a horizontal tail deflection of -3' 
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3.  An effective upwash at  the low horizontal tail contributed  to 
the high degree of longitudinal  stabil i ty.  

4. A t  zero  angle of attack (slight negative l i f t ) ,  the  basic con- 
figuration w i t h  the modified wing of A = 3.7 indicated  positive 
direct ional  and lateral s t ab i l i t y  . 

5.  The addition of the extended nose to  the body had a negligible 
e f fec t  on the l i f t ,  drag, and longitudinal  stabil i ty but reduced the 
d i r ec t iona l   s t ab i l i t y   t o  such an extent thEt ins tab i l i ty  might occur w i t h  

' increasing angle of attack. 

6 .  The droap of the forward part of the in l e t   r e su l t ed   i n  a slight 
increase  in minimum drag, a decrease in  the  variation of drag with lift, 
and a reduction  in the trim lift coefficient of about 0.025. 

7. The addition of the bump t o  the fuselage  afterbody q p r e n t l y  
resulted  in a slight reduction i n  minimum drag  although  the  difference 
was within the accuracy of the drag measurements. 

8. The use of a f la t - f ront  canopy instead of a vee-front canopy o r  
the addition of various  transit ion  fairings between the i n l e t  and leading 
edge of the wing had little effect on the drag or the seroaynamic chsrac- 
te r i s t ics   in   p i tch .  

- 

Langley Aeronautical  Laboratory, 
National Advisory Committee for  Aeronautics, 

-ley Field, Va., September 21, 19%. 
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NACA RM L54J08 

wing: 
Aspect ratio. ..... ving . . . . . . . . .  
hspect ra t io  w i t h  extended t ips  . . . . .  
Spm. ..... wing. . . . . . . . . . . . . .  
Span irith extended tips. . . . . . . . . .  
kea.  basic wing (excluding inlets).  sq ft 
Area wlL& extended tips. . ......... 
Taper ratio.  basic wing . . . . . . . . .  
Taper ra t io  with extended t i p s  . . . . . .  
Sweep a t  qusr”er-chord -e. deg . . . . .  
Dihedral measured in chord plane. deg . . 
Tdist. deg . . . . . . . . . . . . . . . .  
Incidence. deg . . . . . . . . . . . . . .  
Section. inboard (O.j8b/2 station) . . . .  
&an aerodynamic chord. besic King. It . . 
&an aercdynmic chord w i t h  extended tips. 

Section. t i p  . . . . . . . . . . . . . . .  

. . . . . . . . . . .  3.2 . . . . . . . . . . .  3.7 . . . . . . . . . . .  1.591 . . . . . . . . . . .  1.77 . . . . . . . . . . .  0.795 . . . . . . . . . . .  0.&8 . . . . . . . . . . .  0.468 . . . . . . . . . . .  0.406 . . . . . . . . . . .  45 . . . . . . . . . . .  -3.5 . . . . . . . . . . .  0 . . . . . . . . . . .  0 . . . . . . .  NACA 65A005.5 . . . . . . .  NPCA 65~003.7 . . . . . . . . . . . .  0.522 
ft . . . . . . . . .  0.507 

Fuselege : 
Length. basic. ff . . . . . . . . . . . . . . . . . . . . . . .  2.736 
Iength. ex.t.ended nose. f t  . . . . . . . . . . . . . . . . . . .  3.05 
Width. maxlmm. ft . . . . . . . . . . . . . . . . . . . . . . .  0.199 
Depth. !nsSmum (excldFng campy) . It . . . . . . . . . . . . .  0.296 
Frontalaree. sq f t  . . . . . . . . . . . . . . . . . . . . . .  0.051 

Horizontal tail: 
Ares. including body intercept.  sq f t  . . . . .  
Aspect r a t io  . . . . . . . . . . . . . . . . . .  
Taper r a t io  . . . . . . . . . . . . . . . . . .  
DiheLral, deg . . . . . . . . . . . . . . . . .  
Twist, deg . . . . . . . . . . . . . . . . . . .  
Section,  root . . . . . . . . . . . . . . . . .  
Sect ion, t ip  . . . . . . . . . . . . . . . . . .  
Ve&n aerodynamic chord, f t  . . . . . . . . . . .  
Hinge line, percent tail =an aefoaynsmic chord 
Tail length f r m  E of wing t o  of tail, et 

spaa,ft  . . . . . . . . . . . . . . . . . . . .  
Sweep a t  qwter-chord Une, deg . . . . . . . .  

- 
i; 4: 

. . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  . . . . .  

. . . . .  

. . .  0.188 . . .  0.758 . . .  3.06 . . .  0.456 . . .  45 . . .  0 . . .  0 
NACA 65Ao06 
W A  65~004 . . .  0.26 . . .  0.098 
I . 

Vertical tail: 
Area t o  body cenLer l ine ) .  sq f t  . . . . . . . . . . . . . . .  0.155 
@an t to body center line). ft . . . . . . . . . . . . . . . . .  0.496 
Aapect r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  1.593 
Taper r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.365 
sweep at qmter -chord   me.  deg . . . . . . . . . . . . . . . .  45 
Section. inboard . . . . . . . . . . . . . . . . . . . . .  NACA 65~006 
section. t ip  . . . . . . . . . . . . . . . . . . . . . . .  WA 65- 
&%an aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . .  0.39 
Istl length from - of wing to of vertical tail. f t  0.791 E 

4 

. 
C . . . .  
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Figure 1. - Wee-view 
Solid l ines  def'ine 
otherwise noted. 

drawing of model of a 4 5 O  swept-wing airphne. 
basic model. All a'imensions are i n  feet  unless 

I . r 
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Figure 2.- Longitudinal area distribution of model. 



( a )  Right front view. z-84802 

Figure 3 . -  Photographs of model with basic nose and wing, drooped inlets,  
and b u q  off. 
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z-04801 
(b) Side view. 

Figure 3.- Continued. 



(c ) Bottom view. 

Pigure 3.- Continued. 
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Figure 3.- Continued. 
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L-86422 (e)  TOP view. OO t r m s i t i o c  fairing. 

Figure 3. - Conc hded . .. 
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(a) Variati-on or" drag  coefficient and aagle of attack w 3  t h  
lift coefliciect .  

Figure 4.- Effect of horizontal ta t1  on aerodynanic chmacter is t ics  i n  
pitch.  Basic nose; bumg off;  A = 3.7; undrooped in le t .  
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Figure 5 . -  

C L  

b n g i t u d i n a l   c h r a c t e r i s t i c s  for t r i m ,  C, = 0. 
bump off; A = 3.7; unhrooped in l e t .  

- 

Basic nose; 
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- 20 - I  6 -12 -8 -4 0 4 
it 1 d g  

(a) V a c a t i o n  of pitching-ament coefficient wit:? angle 02 incidence of 
horizontal tail. 

-8 -4 0 4 €3 12 16 
a 7deg 

(5) Variation of effective downwash with angle of attack. 

Figure 6.- Pitching effectiveness and downwash characteristics of tzil. 
Basic nose; Sump off; A = 3.7; undrooped inlet. 
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(a) Varietion of drag  coefficient and mgLe of attack  with 
lift coefficient.  

Figure 7.- Effect of  nose lelgth ma body bung on aerodyndc  character-  
i s t i c s  i n  pitch. A = 3.7; undroosed inlet; it = -3'. 
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CL 

(b) Variation  of pitching-moment coefficient  with l i f t  coefficient. 

Figure 7. - Concluded. 



T 

(a) Variation of ygwing-moment coefficient, rolling-moment coeffi- 
cient, md side-force coefficier-t with =-,ole of sldeslip.  

Figure 8.- Effect of nose length mci body bung on aerodpmic chazecter- 
i s t i c s   i n   s i d e s l i s .  A = 3.7; m-drooped in le t ;  a = Oo; it = -3'. - 
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P , deg 

(5) Variation of pitching-moment coefficierrt, drag coefficient, and lift 
coefficient with mgle  of s i d e s i i p .  

Figure 8.- Concluded. 



(e) VErlation of ya+dng-rooment coefficient, rolling-moment coezficier-t, 
and side-force  coefficient x i th  -le of sideslip.  

Flgure 9.- Aerodynamic characterist ics iz sideslip.  Basic nose; ' n u q  off ;  
undroope6 in le t ;  A = 3.7; a = Oo. 
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Variztion of pitching-moment coefficient, drag coefficient,  end l i f t  
coefficient with angle of sideslip. 

Flgure 9.- Concluded. 



Figure 10.- Effect of i n l e t  droop on aero6ynmi.c chaac te r i s t i c s   i n   p i t ch .  
Basic nose; bunp off ;  A = 3.7; it = -3O.  
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(b) VarLation of pitching-moxent coefficient wLth lift coefficient. 

F i g n e  10. - Conc luded . 
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(e) Varhation of dreg coefficient md angle  of  attack with 
l i f t  coefficlent. 

Figure 12.- Effect ol” canopy shape e.n6 horizontd t a i l  deflection on 
zerodynamic chmac te r i s t i c s   i n  pitch. Basic nose; bump off; drooped 
inlet with Oo fairing; A = 3.2. 
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(b) Variation of pitching-moment  coefficient with lift coefficient. 

Figure 12.- Concluded. 
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(a) Variation of drag coeff ic ient  and ene;le of at tack with 
l i f t  coefficient.  
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(b) Variation of pitching-moment  coefficient 

Figure 13.- Concluded. 
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with  lift  coefficient. 




